Probabilistic Monte Carlo estimation for quantitative exposure assessment of lotion transfer via baby wipes usage  by Dey, Swatee et al.
lable at ScienceDirect
Regulatory Toxicology and Pharmacology 79 (2016) 54e63Contents lists avaiRegulatory Toxicology and Pharmacology
journal homepage: www.elsevier .com/locate/yrtphProbabilistic Monte Carlo estimation for quantitative exposure
assessment of lotion transfer via baby wipes usage
Swatee Dey a, *, Gregory J. Carr a, Lijuan Li a, Susanna Brink b, Shaoying Zhou a
a The Procter & Gamble Company, WHBC, 6280 Center Hill Road, Cincinnati, OH 45224, USA
b The Procter & Gamble Company, GmbH, Schwalbach, Germanya r t i c l e i n f o
Article history:
Received 16 March 2016
Received in revised form
3 May 2016
Accepted 4 May 2016
Available online 13 May 2016
Keywords:
Exposure based risk assessment
Baby wipes
Monte Carlo simulation
Habits and practices
Children
Lotion transfer
Consumer productsAbbreviations: EBSA, Exposure Based Safety Assess
UPW, Ultra Pure Water; IS, Internal standard.
* Corresponding author. 6280, Center Hill Ave, Cinc
E-mail addresses: dey.s.3@pg.com (S. Dey), Carr.g
com (L. Li), brink.s@pg.com (S. Brink), zhou.s@pg.com
http://dx.doi.org/10.1016/j.yrtph.2016.05.006
0273-2300/© 2016 The Authors. Published by Elseviera b s t r a c t
Unique aspects of childhood exposure to products need childs speciﬁc exposure data. This study
developed a probabilistic exposure model for lotion transfer to diapered skin through normal use of baby
wipes in children up to 48 months of age. Monte Carlo simulations used baby wipe diary data from the
US, Germany and the UK, body weight data from the US, and lotion transfer data from single and multiple
wipes adjusting for separate diaper changes. The models predicted a declining number of wipes used/day
with a reduction in lotion transfer as age and body weight increased. Experimental testing on multiple
sequential wipes used on an overlapping area showed a reduction in lotion deposition by 23.9% after the
ﬁrst wipe. Overall, the weighted population average over the approximate diapering period of 0e36
months across the three geographies at 50th, 90th, & 95th percentiles, were between 130, 230, 260 mg/
kg/day, respectively, and 150, 270, 310 mg/kg/day depending on whether a reduction due to overlap is
implemented. The statistical model represents an effective strategy to determine exposure to baby wipes
lotion for exposure based risk assessment.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Cleaning the diaper area is an important step in the prevention
of diaper dermatitis (Stamatas and Tierney 2014; Adam, 2008).
Water and a washcloth were long considered the preferred
approach for cleansing during diaper changes, but the polar nature
of water limits its ability to remove lipophilic substances from the
skin (Adam et al., 2009). Further, water is incapable of pH buffering
(Adam, 2008). As a result, baby wipes with buffered lotion have
become a common means of cleansing.
The skin compatibility of baby wipes products is well estab-
lished. A recent review of the literature indicated that, in studies
comparing the skin compatibility of baby wipes to water-and-
washcloth cleaning, baby wipes produced no difference in the
incidence of diaper dermatitis (Blume-Peytavi et al., 2014). Several
studies indicate that use of lotioned babywipes compared towater-
and washcloth cleaning lead to better skin barrier effects, less skinment; FOU, Frequency of Use;
innati, OH 45224, USA.
@pg.com (G.J. Carr), Li.l@pg.
(S. Zhou).
Inc. This is an open access article usurface abrasion, improvement in diaper rash and repair of the
damaged skin barrier function in compromised skin (Ehretsmann
et al., 2001, Odio et al., 2001). Visscher et al. studied 131 infants
in a Newborn Intensive Care Unit where two wipes formulated for
sensitive skin were compared with water-and-washcloth cleaning.
The wipe treatment resulted in signiﬁcantly lower erythema and
surface roughness (Visscher et al., 2009). In a study of skin tolera-
bility in babies with atopic dermatitis, Adams and colleagues
(Adam et al., 2009) reported that baby wipes used to clean skin
during diaper changes were superior to soap or to water alone in
maintaining skin pH.
As with other consumer products, manufacturers undertake
extensive programs to ensure the safety of the ingredients and
components of their products (Dey et al., 2014). The basic frame-
work of risk assessment ensuring safety of an ingredient consists
of: hazard identiﬁcation, dose-response assessment, exposure
assessment, and risk characterization (Rider et al., 2009; National
Research Council, 1983). Ingredient hazard assessment and dose-
response depend on the inherent biological effects of the in-
gredients or components of the products. Exposure assessment and
risk characterization require an understanding of the type of
product consumers’ use, the conditions under which the individual
will be exposed, and a thorough understanding of the resultingnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Demographic information on children in frequency of use studies.
Country Germany UK US
Gender Males/Females
# of Participants 98/102 117/115 51/47
Proportion of children at different age groups
0 e 11 months 36% 28% 32%
12 e 23 months 33% 34% 33%
24 e 36 months 23% 30% 24%
þ37 months 8% 12% 9%
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critical for a robust exposure based risk assessment (EBRA).
Three key variables are important for an EBRA for baby wipes:
frequency of wipe use, quantiﬁed lotion exposure for each wipe
use, and body weight of the child. For products intended for babies,
establishing the appropriate values for each variable is especially
challenging. Children gain weight rapidly after birth, especially
during the ﬁrst few months of life making it a challenge to deter-
mine appropriate body weight. For baby wipes the usage patterns
and frequency of use change rapidly as babies grow. The amount of
lotion transferred can be affected by both the type of diaper change
(wet only, soiled, type of soil, etc.) and the use of multiple wipes in
that diaper change, in the sense that a fresh wipe applied to skin
wetted by a previous wipe may transfer less than a fresh wipe
applied to dry skin.
Baby wipes manufactured by Procter& Gamble consist of a non-
woven substrate with 70% inert polymeric material (polypropylene
and polyethylene ﬁbers) and 30% cellulose. These are inert mate-
rials and have been used in diapers and feminine protection
products for decades, and have a long history of safe use (Farage
et al., 2004). A lotion is added to the substrate to act as a cleanser
and emollient. The lotion is a watery emulsion that may contain
mild surfactants, oils, pH balancing substances, skin conditioners,
and moisturizers (Adam et al., 2009, Adam, 2008). Robust safety
assessments for ingredients in baby wipes with lotion rely on
having a clear understanding of lotion exposure (Hossain et al.,
2015).
The objective of this study was to estimate the amount of lotion
transferred to skin from baby wipes for quantitative exposure as-
sessments of the lotion. Daily exposure to wipes lotion is a function
of the number of wipes used, and the amount of lotion transferred
from those wipes. Lotion transfer can be a particularly complex
process tomeasure, affected by both the type of diaper change (wet
only, soiled, type of soil, etc) and the serial overlapping application
of wipes to skin. The approach taken here is to measure the lotion
transfer from individual wipe to dry diapered skin, apply our esti-
mates of dry skin transfer values to all wipes used in a day with
respect to diaper change, both with and without a reduction due to
multiple overlapping wipes. Our exposure assessment is thus built
from four component distributional models: the daily usage of
wipes (frequency of use), the daily number of diaper changes, the
amount of lotion transferred to skin from each baby wipe and the
appropriate body weight for different age groups. These four
distributional models were combined into a probabilistic exposure
model using Monte Carlo simulation to estimate a distribution of
the daily lotion transferred (mg/kg bw/day) from the use of baby
wipes. The gender, age, weight and country of residence were
evaluated for their inﬂuence on the distribution of lotion transfer.
Lotion transfer was estimated for children over 0e36months of age
as the approximate diapering period of life (Rai et al., 2009). Results
will be applied to EBRA as part of an overall safety assessment on
lotion formulations or ingredients.
2. Materials and methods
2.1. Frequency of use (FOU) distribution for wipes
A multi-center diary study was conducted in 2013 to determine
the number of wipes used per day. Participants were recruited in US
(N¼ 98), UK (N¼ 232) and Germany (N¼ 201) by using a screening
questionnaire (MarketVision Research, Inc., Cincinnati, OH). Fam-
ilies with young children in diapers who responded that they use at
least 2 baby wipes per day for diaper changes were chosen for
participation. Demographic information on the children is provided
in Table 1. Study participants were given a supply of 64 countPampers® baby wipes (Procter&Gamble Co., Cincinnati, Ohio, USA)
to use during the one week study. Panelists were asked to record
the number of wipes used after each diaper change. Two different
product versions were used in the study: the North American (NA)
version with wipes measuring 180 mm  180 mm and containing
4.1 g lotion, and the Western European (WE) version with wipes
measuring 170 mm  179 mm and containing 2.8 g lotion. The NA
version was evaluated in all three geographies, and the WE version
was evaluated in Germany and the UK. When the wipes usage
between the two product versions was compared, there were no
apparent differences in the FOU (p¼ 0.913). Therefore, data from all
geographies using both wipe variants (NA and WE) was combined
to estimate FOU.
The ﬁrst and last days of the subject diary count data were
eliminated due to evidence that at least some of these days did not
contain a complete record. Median daily totals were calculated for
each household in all three studies. Regression models were ﬁt to
the median daily number of wipes as a function of age, while
allowing for possible differences due to child’s gender and na-
tionality. In cases where the relationship with age appeared to be
nonlinear, a smooth monotonic regression was used. Monotonic
regression techniques are a type of nonparametric regression
smoother inwhich the prediction is constrained to be increasing (or
decreasing) along the entire range of data (Ramsay, 1998), which
we judged to be a reasonable assumption. The wipes count data
were subjected to a square root transformation to stabilize the
sample variance, and the spread of the distribution around the lines
was assumed to be constant across the range of ages. The diaper
change frequency per day was obtained from this multi-center
diary study (data not shown).
2.2. Estimation of early life body weight distribution
Body weight and age can have critical impact on exposure
assessment, particularly in the ﬁrst four years of life, and having a
goodmodel for the effect of age and gender on distributions of body
weights is important for understanding the distribution of expo-
sures. Data from the CDC National Health and Nutritional Exami-
nation Survey (NHANES) (Centers for Disease Control and
Prevention, 2015) for 6517 children between 0 and 48 months
whose body weight was measured during the years 2001e2010
were used to determine age-speciﬁc body weight distributions for
male and female children separately, using the approach described
by Portier and colleagues (Portier et al., 2007). Similar sources of
information on body weights were not available for Germany and
the UK; therefore, US-based distributions from NHANES were used
for all exposure calculations.
2.3. Lotion transfer
2.3.1. Lotion transfer from single baby wipe to baby diaper area skin
Lotion transfer from wipe to baby diapered skin was measured
at the Procter & Gamble Skin Lab (German Innovation Center,
S. Dey et al. / Regulatory Toxicology and Pharmacology 79 (2016) 54e6356Schwalbach, Germany). Testing was conducted in compliance with
the Good Clinical Practice Regulations (EEC Guidelines for Medici-
nal Products 111/3976/88-EN) subject to quality assurance pro-
cedures as appropriate (EEC 1997). Participants or caregivers signed
informed consent and participation was voluntary. Participants
were primary caregivers with healthy babies weighing 3e12 kg.
The study was carried out in a controlled environment roomwith a
relative humidity of 45% (±5%) and temperature of 21 C (±1 C).
The test population was divided into 2 groups of 32 babies with
body weight ranges of 3e6 kg and 6e12 kg. Average body weights
(Mean ± SD) of the groups were 4.96 (±0.66) kg and 8.37 (±2.05) kg
respectively.
For the lotion transfer determination, primary caregivers were
provided with baby wipes and asked to wipe the baby’s diapered
area as they normally would while cleaning after a bowel move-
ment and urine soiling but on a clean dry skin as a conservative
measure. The wiping technique was observed to ensure all surface
areas (i.e. buttocks, genitalia, perianal region, intertriginous zones
or inguinal creases) were in contact with the wipe for maximum
coverage. The body weight of the child was recorded.
Lotion transfer was determined gravimetrically (Sartorius
BP221, Mettler, Toledo). The wipes were weighed before and after
use. Two correction factors were applied to the gravimetric mea-
sure to determine the lotion transfer to the baby’s skin. First, a
control wipe was left untouched during the wiping process, but
weighed before and after to determine loss due to evaporation.
Second, the primary caregivers were asked to wear disposable ex-
amination gloves during the wiping procedure. The gloves were
weighed before and after to determine lotion transfer to the gloves.
Three prototype product variations were used in the study.
Products A and C were identical except for the amount of lotion on
the product (3.6 g lotion/g substrate, and 5.1 g lotion/g substrate,
respectively). Product G used a slight variation in the substrate, but
used the identical lotion formulation and amount as Product C
(5.1 g lotion/g substrate). Statistical analysis of the transfer results
indicated there was no difference in transfer amount based on the
speciﬁc wipe used; therefore, the data were combined for subse-
quent use in exposure calculations.
Smooth monotonic regression models were ﬁt to the pooled
lotion transfer data, similar to the models for FOU data except that
in this case the model is monotonically increasing with weight. The
lotion transfer data were subjected to a log transformation, which
makes the data more evenly distributed around the regression line.
2.3.2. Forearm model of lotion transfer from sequential use of
multiple baby wipes
The purpose of this study was to measure the impact of lotion
transfer as a function of multiple wipes used on overlapping skin
area. Participants were healthy, adult female volunteers (N ¼ 30),
18e55 years of age. The study was carried out in a controlled
environment at the Procter&Gamble Skin Lab (Cincinnati, OH). The
studywas conducted under ambient temperature (21 C± 1 C) and
relative humidity (45% ± 5%). The wipes used in this study were
marketed Pampers Sensitive wipes with 4.6 g lotion/g substrate.
Lotion transfer to marked areas of the volar surfaces of the forearms
(approx. 3in. 5in.) was determined using a gravimetric method by
weighing the wipe before and after use to determine lotion loss or
transfer to skin. For all subjects, the forearmwaswiped successively
by a single technician using ﬁrst one wipe, followed by second,
third and fourth wipe. Lotion transfer was compared between 1, 2,
3, and 4 successive wipe usage.
Disposable examination gloves worn during the wiping proce-
dure by the study technician were weighed before and after use to
adjust for lotion transfer to the gloves. In addition, an adjustment to
the weight differences was also made for evaporation. Evaporativeloss was estimated prior to the wiping study by placing a wipe on a
weigh boat on an analytical mass balance (Sartorius BP221, Mettler,
Toledo) and recording theweight every 15 s for 5min. Because each
subject is measuredmultiple times, a simple linear statistical mixed
model with terms for number of wipes used (as a regression vari-
able) and subject (as a random effect to differentiate subject vari-
ability from individual measurement variability) was used to
determine a relationship between number of wipes used and
amount of lotion transferred.
Analytical assessment of two marker components in the lotion
was conducted to further investigate the potential trend of lotion
ingredient transfer deposition when using multiple wipes succes-
sively in an overlapping area. Two of the lotion components served
as markers; the polar molecule citric acid, and the nonpolar
molecule sodium benzoate. These materials were chosen since
their differing molecular characteristics may result in differing in-
teractions with other lotion components, the skin, and the wipes
substrate. For this evaluation, test sites were wiped and allowed to
dry. Deposited lotion was recovered by sequential tape stripping
(22 mm D-Squame discs, CuDerm Corporation) of areas within the
test site. Speciﬁc sites used for tape strip collectionwere marked so
the sites could be avoided when sampling after subsequent wipe
applications. Material from tape strip samples was extracted with
ultra-pure water (UPW) and compared to internal standards (13C6-
CA and d3-BA). The internal standard (IS) stock solution was pre-
pared by weighing approximately 10 mg of each stable isotope
labeled compound (13C6-CA and d3-BA) into a glass scintillation vial
and then dissolving it in UPW. The IS stock solutions were com-
bined and further diluted to working IS solution at 10 mg/mL in
UPW for 13C6-CA and 100 mg/mL in UPW for d3-BA. Citric acid and
sodium benzoate, together with their stable isotope counterparts
(13C6-CA and d3-BA) were analyzed using HPLC coupled with Tan-
dem Mass Spectrometry (MS). Recovery of the chemical markers
was determined via liquid chromatography and mass spectrometry
(LC/MS/MS). The same mixed model as for the gravimetric method
was used to analyze the recovery of citric acid and sodium
benzoate.
2.4. Monte Carlo modeling
Monte Carlo simulations have been used for a number of years
as a means of deriving uncertainty estimates for medical and bio-
logical effects (Thompson et al., 1992; Finkel 1995). These simula-
tions start with the generation of a random number from the
distribution estimated for each input variable. In some cases, the
distribution of one variable may depend on others previously
generated. These random numbers are then fed into the particular
formula that relates the inputs to the exposure variable of interest
(here, lotion transfer) and the resulting value is intended to
represent a single sample from the distribution of the variable of
interest (Farrance and Frenkel 2014). When applied to EBRA this
means that, for each variable used for an exposure calculation,
values are drawn from the separate, representative distributions at
random, and combined into a single exposure value. This is
repeated many thousands of times to provide an estimated distri-
bution of the potential exposures, which is more informative than a
single determination using, for example, the mean for each
variable.
The Monte Carlo analysis was similar to that described by
McNamara and colleagues (McNamara et al., 2007). The analysis is
performed separately for each country, and also for each gender in
the UK due to gender differences in that geography. A closely
spaced set of ages is then speciﬁed to adequately characterize the
effect of age on exposure. When genders are combined, an equal
balance of male and female children is used. For a given age and
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those in Fig. 2. A random number of wipes was then generated for
the age of child (again, a normal distribution on square root scale,
so the random number is squared, and rounded to the nearest
integer), and ﬁnally a lotion transfer value was simulated for each
wipe from the log normal distribution corresponding to that body
weight. If it was assumed that lotion transfer decreases with mul-
tiple sequential wipe usage in an overlapping area, the process took
into account the number of diaper changes those wipes were
spread across. After generating that distribution (a process nearly
identical to the analysis of wipes FOU; not shown), the wipes were
evenly distributed across the changes such that the total daily
transfer is maximized. Finally, the daily lotion transfer was calcu-
lated (mg/kg bw/day). This series of steps was repeatedmany times
for each combination of country, gender, and age group of interest
to generate a distribution of simulated lotion transfers. In this
study, 1,000,000 daily lotion transfer values were simulated for
each combination of gender and country, for each week of life in the
interval 0e36 months (The use of a large number of replicates
produces smooth results by eliminating the sampling variability, as
seen in ﬁgures below; a smaller number of replicates would also be
adequate.) We used simple normal distributional models for all end
points. In some cases these are on a transformed scale, such as log
scale for body weights and square root scale for wipes FOU. The
50th, 90th, and 95th percentiles of the simulated distributionswere
calculated. For Germany and the US, these percentiles were calcu-
lated for male and female children collectively, whereas in the UK,
the weekly percentiles were calculated separately for the genders
due to gender differences and are the basis for average exposure
levels for the 0e36 month’s interval. All models and Monte Carlo
simulations were conducted using R environment software (R Core
Team, 2015), and the smooth monotone regression ﬁts were
calculated with the R package fda (functional data analysis)
(Ramsay et al., 2014).
3. Results and discussion
3.1. Frequency of use of baby wipes
A smooth monotonic regression analysis of the household me-
dian daily wipes usage as a function of age was performed on the
square root scale for wipes (a standard statistical technique for
count data). There was a high degree of household-to-household
variability in the median number of wipes used per day, as
shown by the individual data points (Fig. 1). The ﬁgure also shows
the estimated 95th percentile of the distribution of data around the
regression line, which was used to calibrate the Monte Carlo
sampling.
Wipes usage was highest in the UK male children compared to
the other geographies and signiﬁcantly different from UK female
children. For the youngest age group (0e10 months), the median
number of wipes used was 11.2 wipes/day for males, and 9.3 wipes/
day for females. Usage decreased in older children, with usage for
the oldest age group (30e40 months) in the UK predicted to be a
median of 7.0 for males and 5.0 for female children. In the Germany
data, there is no evidence that gender affects the number of wipes
used, so the model is the same for both genders. Similar to the UK,
increasing age was found to reduce the number of wipes used. In
the US neither the age nor gender of the child had a signiﬁcant
effect on usage, withmedian and 95th percentile usage consistently
predicted to be 5.8 and 9.5 wipes/day, respectively. The relatively
small size of the US studymay play a role in the lack of both age and
gender effects in the US study, rather than this observation being
indicative of a true difference in the nature of the relationship.
Data and regression models for FOU data are presented in Fig. 1,and Table 2 provides selected age-speciﬁc values plus the overall
averages for each geography. In Germany and the UK, daily usage of
baby wipes decreased with the child’s age. This is consistent with
previously reported habits and practices data that indicate fewer
diaper changes occur for larger diaper sizes. Rai and colleagues
reported that caregivers using diaper sizes 1 and 2 (recommended
for babies 4e6 kg and 5e8 kg, respectively) have a change fre-
quency of 5e6 times per day (Rai et al., 2009). Size 4 and 5 diapers
used for larger children (10e17 kg and 14e18 kg, respectively) have
a change frequency of 3e4 times a day. We found a similar diaper
usage frequency among different age groups in a diary study con-
ducted in the US (Internal Data, Dey et al., 2015). The emergence of
toilet training, usually at about ages 24e36 months also results in
fewer diaper changes, and a reduced use of diaper wipes as some of
the cleaning after toileting is done with toilet tissue. In the wipes
usage study, the US data visually indicated a decreasing trend in the
number of wipes used with increasing child’s age, but it was not
statistically signiﬁcant, possibly in part because of a smaller study
population. It is also important to note, however, that the US wipes
FOU is signiﬁcantly lower than that of either the UK or GER, by an
analysis of the goodness-of-ﬁt for UK and GER models applied to
the US data.
3.2. Body weight modeling
Results of body weight modeling for female children are shown
in Fig. 2. In the upper panel, the points are NHANES-based esti-
mates of mean and standard deviation, while the lines are the
smooth model used to generate distributions. Representative dis-
tributions from those models are shown in the lower panel, in 10
month increments. In the application of this model, every unique
age has its own distribution, each slightly different from ages close
to it, even those separated by a single day. Both the mean and
variance of the body weight distributions increase as the child ages.
The results for male children, not shown, are very similar to those
shown for female children. Matched on age, a female child weighs
slightly less than a male child, but there is a large overlap in the
corresponding gender-speciﬁc distribution of weights. The largest
increase in body weight occurs in the ﬁrst 10 months of life, with
the mean body weight increasing by about 5 kg (Table 3). Between
10 and 20 months, body weight increases by about 2.5 kg. Body
weight increase in each of the remaining 10 month intervals
is < 2 kg.
3.3. Lotion transfer models
3.3.1. Single Wipe Model as basis of lotion exposure estimation
Results of lotion transfer from a single wipe to dry skin are
shown in Fig. 3. The child’s body weight was found to be an
important factor in lotion transfer amounts, with greater amounts
transferred with larger children. The average amount of lotion
transferred was 100e120 mg/wipe for babies at 4e6 kg, and
increased to approximately 200 mg/wipe for children weighing
10 kg. Above 10 kg, the average amount transferred remained
constant. Lotion transfer from a single wipe was 120 mg for babies
weighing up to 6 kg, and 200 mg for babies weighing over 6 kg.
3.3.2. Exposure model based on Single Wipe Model
SingleWipeModel assumes that lotion transfer from all wipes is
the same (equal to the lotion transfer from single wipe, without
adjusting for potential lotion loss due to wiping with multiple
wipes). This model translates to an very conservative, upper bound
on total exposure in the sense that one would expect that in
practice multiple wipes used in the same change will have some
regions of overlapped wiping, and reduced transfer due to pre-
Fig. 1. Daily frequency of use of baby wipes (Median daily number of wipes). Observed median daily number of wipes for each child are shown as points. The solid lines
represent the estimated mean of the median daily number of wipes and dashed lines represent an upper 95% conﬁdence limit on the 95th percentile of median daily wipe totals.
The portion of the curves to the left of the vertical reference line at 36 months contribute to the calculation of average daily exposure over range of 0e36 months.
S. Dey et al. / Regulatory Toxicology and Pharmacology 79 (2016) 54e6358wetting. Using this model and the models for body weight and the
wipes FOU, daily lotion exposure was modeled via Monte Carlo
simulation. Results are shown in Fig. 4 and Table 4. The table pro-
vides exposure estimates for ages at 10month intervals. Exposure ishighest for younger children, with median value predictions be-
tween 170 and 320 mg/kg bw/day (for males age 0 months in the
US and UKmales children, respectively). Lowest predicted exposure
levels were among older children, with the lowest median
Table 2
Predicted frequency of use of wipes for diapered children.
Age (months) # Of wipes/Day
Median 95th %tile
Males
UK 0
11.20
22.7
10
10.80
22.2
20
9.84
20.8
30
8.42
18.7
40
6.95
16.5
Averages 0e36
9.81
20.7
0e48
9.03
19.6
Females
UK 0
9.29
16.9
10
9.08
16.6
20
8.16
15.4
30
6.62
13.2
40
4.98
10.9
Averages 0e36
8.04
15.2
0e48
7.20
14.0
Both genders
Germany 0
8.82
16.0
10
8.22
15.2
20
7.51
14.2
30
6.84
13.3
40
6.21
12.4
Averages 0e36
7.67
14.4
0e48
7.27
13.9
Both genders
US 0
5.78
9.53
10
5.78
9.53
20
5.78
9.53
30
5.78
9.53
40
5.78
9.53
Averages 0e36
5.78
9.53
0e48
5.78
9.53
Fig. 2. Lognormal distributions of girl’s body weights. In the upper panel, the points
are NHANES-based estimates of mean and standard deviation, while the lines are the
smooth model used to generate distributions. Representative distributions from those
models are shown in the lower panel, in 10 month increments.
Table 3
Summary of body weight (0e40 months of age).
Age (months) Child body weight
(median in kg)
Weight increases
between intervals
(kg)
Male Female Male Female
0 4.71 4.37 e e
10 9.56 9.06 4.85 4.69
20 12.20 11.60 2.62 2.51
30 13.80 13.20 1.59 1.62
40 15.60 15.20 1.87 1.98
S. Dey et al. / Regulatory Toxicology and Pharmacology 79 (2016) 54e63 59prediction of 80e100 mg/kg bw/day (for female children age 40
months in the UK and GER, respectively). Fig. 4 provides the ex-
posures as a continuous function of age, where the upper boundary
lines of each shaded region give the results of this section. Because
no gender differences were found for US or GER on the exposure
model components, they are combined into an average for the
ﬁgure.
Body weight has two contrasting effects on lotion transfer. Onthe one hand, as the child grows, the surface area of the skin in-
creases and, therefore, the contact area for baby wipes. This would
tend to increase the amount of lotion that transfers to skin. This
tendency is reﬂected in the increase in transfer amounts from a
single wipe as children get older (Fig. 3). However, when deter-
mining the daily exposure, this increase in transfer due to greater
surface area is more than offset by a reduction in the number of
wipes used each day as children get older but larger (Table 2). As a
result, the daily exposure expressed in mg/kg bw/day declines from
infancy. (Table 4, Fig. 4).
Child's Weight (kg)
Lo
tio
n 
Tr
an
sf
er
re
d 
(m
g)
10
0
20
0
40
0
60
0
4 6 8 10 12
Fig. 3. Gravimetric determination of lotion transfer for single wipe usage. Lotion
transfer per wipe for products A, C, and G are plotted against the child’s weight. The
solid line is a smooth monotonic regression line ﬁtted to the lotion transfers. The
dotted line is the upper conﬁdence bound on the 95th percentile of lotion transfers per
wipe.
Fig. 4. Daily lotion transfer (Zero overlap single wipe model) (mg/kg bw/day) The
estimated 50th, 90th, and 95th percentiles of daily lotion exposure for children from
three countries in which wipes usage studies were performed. For Germany (GER) and
US, a single line is presented for each percentile level for all children, while for UK,
male (blue) and female (pink) children are shown separately because of signiﬁcant
gender differences in observed wipes usage.
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In the previous section, daily lotion transfer estimates were
generated using the assumption that the amount of lotion trans-
ferred from baby wipes was consistent, or wipes used subsequent
to another transfer as much lotion as the ﬁrst. A more accurate
assessment on lotion exposure should consider the impact of
sequential multiple wipe use on lotion transfer.
A forearm wipe study was conducted to determine the
amount of lotion that transfers from multiple wipes used
sequentially during the same cleaning operation. Three different
measurement methods were employed, as described in section
2.3.2. In addition to simple gravimetric measurements, sodium
benzoate and citric acid were chosen as markers because of their
different molecular characteristics, which could lead to differing
interactions with the lotion solute (water) and other compo-
nents, the wipe substrate, and the skin. Fig. 5 shows results of the
three measurement methods for the total cumulative transfer
from wipes used consecutively on the same site. Each light grey
line is the sequence of results of a single subject, while the dark
straight line is the regression model, with conﬁdence bands.
Because each of the models in Fig. 5 is linear, it implies that the
amount each new wipe transfers is a constant over the range 2e4
wipes, regardless of which wipe it is. Results in Fig. 5 also imply
that the gravimetric method is estimating more lotion trans-
ferred per wipe, because that model has the steepest slope. For
each measurement method, a statistical mixed model was used
to determine a relationship between number of wipes used and
amount of lotion transferred. Gravimetrically, the ﬁrst wipe
transferred a mean of 0.04 g of lotion, which each subsequent
wipe (2 through 4) each transferred approximately 0.03 g of
additional lotion.
Fig. 6 shows the estimated reduction in lotion transfer (in per-
centage) of multiple wipes along with conﬁdence intervals. Using
the gravimetric data, wipes 2e4 transferred about 75% of the
amount of lotion compared to the ﬁrst wipe used on the identicalsite. Transfer based on the two lotion ingredients citric acid and
sodium benzoates showed a similar reduction trend, but the
transfer rate from subsequent wipe is much less (<50% of initial
wipe) than that estimated from the gravimetric method (75% of
initial wipe). For the multiple wipe model, we chose to use a lotion
deposition of 76.1% for wipes used after the ﬁrst wipe, based on the
more conservative gravimetric results.
3.3.3.1. Overall daily lotion transfer: Multiple Wipe Model (weighted
population average). Monte Carlo estimation of lotion exposure for
the multiple wipe model followed the same methods as section
3.3.2, except that a model for diaper changes in a day was required
so that wipes are clusteredwithin a diaper change, and that the ﬁrst
of thesewould receive 100% transfer, and all following wipes in that
simulated change would assume 76.1% transfer. While in reality
some diaper changes require the use of more wipes than others, in
these analyses wipes were spread out equally among the diaper
changes, which is conservative by maximizing the exposure. One of
the goals of this project was to develop a single global exposure
Table 4
Daily lotion transfer (mg/kg bw/day) based on single wipe model.
Age (months) Median child weight (kg) Daily lotion transferred (mg/kg bw/day)
UK Germany US
Median 90th %tile 95th %tile Median 90th %tile 95th %tile Median 90th %tile 95th %tile
Males
0 4.71 320 580 670 250 430 490 170 320 370
10 9.56 270 480 560 200 340 390 150 270 310
20 12.18 200 370 430 150 270 310 120 220 260
30 13.77 150 300 350 130 220 250 110 200 230
40 15.66 110 230 270 100 180 210 94 180 200
Overall average
0e36 220 400 470 170 290 330 130 240 280
0e48 190 360 410 150 260 300 120 220 260
Females
0 4.37 270 470 530 260 450 510 180 330 390
10 9.06 230 380 440 210 350 400 150 280 320
20 11.58 180 300 350 160 280 320 130 230 270
30 13.19 130 230 260 130 230 270 110 210 240
40 15.18 80 160 190 100 190 220 97 180 210
Overall average
0e36 190 320 360 180 300 340 130 250 290
0e48 160 280 320 160 270 310 120 230 270
Fig. 5. Cumulative lotion transfer from sequential wipes (Relationship between Successive Wipes and Lotion Transferred) The amount of lotion that transfers from multiple
wipes used sequentially on the same site was determined using a gravimetric approach (Regression Equation: Lotion (g) ¼ 0.0097 þ 0.0309 Wipes). Figure shows predicted means
with 95% conﬁdence limits for each regression. Each grey line represents study data from an individual project.
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weighted population average of the 3 geographies which was
deemed reasonable for EBRA, considering the potential differences
in the data for UK male children being a very small proportion of
the overall population. Table 5 presents the weighted population
average for both lotion transfer scenarios for 0e36 months of age:
the maximum exposure value assuming that all wipes transfer as
much as the ﬁrst on dry skin and the minimum exposure value
assuming 100% overlap of all wipes used, after the ﬁrst. These av-
erages produce a range between which we expect truth is likely to
lie. For the key percentiles 50th, 90th and 95th they are, at the low
end, 130, 230, and 260 mg/kg bw/day, and at the high end 150, 270,
and 310 mg/kg bw/day.3.4. Study considerations
In this study we attempted to understand exposure to lotioned
baby wipes for infants 0e36 months of age. It is difﬁcult to directly
measure lotion transfer in actual use, but our experimental
methods have given a potential range betweenwhich the exposure
could be, with the multiple models resulting in a more reasonable
estimate, due to the total of our conservative assumptions. The
primary uncertainties in our calculations concern the percentage of
diaper-area skin that each wipe is used on, and how much wiping
overlaps areas previously wiped at that change. This manuscript
provides exposure estimates that range from 0% to 100% over-
lapping scenarios.
Fig. 6. Percent decrease in lotion transfer from sequential wipes. The proportionate decrease in measured lotion transfer due to sequential wiping with multiple wipes was
determined for the gravimetric assessment, and chemical analyses of citric acid and sodium benzoate.
Table 5
Overall daily lotion transfer (mg/kg bw/day) for single and multiple wipe model
(Weighted population average; 0e36 months).
Average daily lotion transferred (mg/kg bw/day) Overall average for age 0e36
months
50th percentile 90th percentile 95th percentile
Single wipe model: equal transfer for all wipes
Males Females Males Females Males Females
UK 220 190 400 320 470 360
Germany 170 180 290 300 330 340
US 130 130 240 250 280 290
Population averagea 150 270 310
Multiple wipes model: 100% overlap (23.9% reduction in transfer after ﬁrst
wipe)
UK 190 160 330 270 380 300
Germany 150 160 250 260 280 290
US 120 120 200 210 230 240
Population average 130 230 260
a Population average: averages over genders within a geography, then population
size weighted average of the geographies.
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servative. Where any decisions are made that impact the conser-
vatism of the results, the more conservative is chosen. Important
decisions related to this were made for:
i. Amount transferred: gravimetric measures of transfer were
made when a single wipe was used to wipe the entire diaper
region, leading to an upper bound on transfer since in many
cases, especially soiled diapers, the wipe will not be used onthe entire diaper area. In many cases, soiling of the wipe
would lead to its disposal before 100% of the diapered area
skin is wiped.
ii. Adjustment for overlap in transfer per wipe was selected
based upon gravimetric methods, which produced the
highest transfer amounts for multiple-wipes changes.
iii. In section 3.3.3, the number of wipes used, in a given day,
was spread out among the diaper changes so as to maximize
transfer by considering wipe usage for diaper changes that
did not use wipes.
iv. We have no data on which to estimate the diaper wipes
usage of individuals over the duration of the diapering
months of age. Our data are much closer to a snapshot in
time, but this actually lends some degree of conservatism
against this problem, because these data are more variable
for estimating median daily usage than would be a more
comprehensive analysis of wipes usage across the diapering
months. Furthermore, our safety assessment process
conservatively extrapolate chronic exposures to the full
lifetime of an individual, even though exposure to diaper
wipe lotion is typically restricted to a fraction of a lifetime as
a diapered child (approximately 3 years), and later as a
caregiver.
To account for variability in current products different wipe
products were used for the FOU and lotion transfer phases of the
overall study. Comparisons of the FOU data indicated that the
number of wipes used daily did not differ for different wipes. Sta-
tistical analysis of the lotion transfer from the 3 different wipes
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with continuous product innovation, in case of substantial changes
in substrate or lotion application, the amount of lotion transferred
may change and may need to be addressed in the future.
4. Conclusions
In this study Monte Carlo Simulations estimated the daily lotion
transferred (mg/kg bw/day) to infants from the use of baby wipes
taking into account confounding factors of multiple sequential
wipe usage representative of in use consumer habit and practice of
diapered skin cleaning. The gender, age, weight, and country of
residence were evaluated for their inﬂuence on lotion transfer. Age
and body weight had the greatest inﬂuence on exposure; with the
models predicting a declining number of wipes used/day and a
reduction in lotion transfer as age and body weight increased,
which more than offsets the increase in transfer per wipe as body
weight increases. Gender inﬂuenced exposure only in the UK, with
males having a higher daily exposure than female children. Studies
on lotion transfer from using sequential wipes demonstrated that
wipes used after the ﬁrst would transfer approximately 76% of the
amount of lotion compared to the ﬁrst wipe as a conservative es-
timate. Overall, the weighted population average across the three
geographies at 50th, 90th, & 95th percentiles, were between 130,
230, 260 mg/kg/day, respectively, and 150, 270, 310 mg/kg/day
depending on whether a reduction due to overlap is implemented.
Previously we used a deterministic approach where 400 mg lotion
transfer from each wipe was applied to an average of 9 wipes/day.
Probabilistic modeling provides a more scientiﬁcally defensible
analysis and reﬁnes the previous average lotion transfer of 450 mg/
kg/day [(lotion 400 mg/wipe average wipes 9)/8 kg bw] to a 95th
percentile 260 mg/kg/day lotion transfer.
Overall, the probabilistic Monte Carlo model accounts for mul-
tiple factors of baby wipe exposure in the diapering area, to
quantify ingredient transfer from baby wipes that can be used for
exposure based safety assessment.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.yrtph.2016.05.006.
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